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The following paper was then read :—

UNDERGROUND TELEGRAPHS—THE LONDON
STREET WORK.

By CHARLES FLEETWOOD, Postal Telegraph Department.

The underground telegraph system of the metropolis has now
become so great, entailing so large a staff to attend to it, and em-
bracing so extensive a mileage of wire, that some description of it
may prove interesting.

From the original five wires used by Cooke and Wheatstone, in
July 1837, between Euston and Camden, to test the success of the
original five-needle telegraph, the system, has gone on increasing,
latterly with rapid strides, culminating at the present time into
750 different wires alone entering the central station, and a total
mileage of over 3,500 miles of gutta-percha-covered wire.

The first underground telegraph—a specimen of which is now
shown—consisted of wood cut with sloping sides A-shaped, and
tarred; grooves were cut at the sides and at the top, and the five
copper wires inserted, each wire being previously insulated with
cotton soaked in resin.

On the successful issue of the Cooke and Wheatstone telegraph,
it was started commercially, and a line of five wires was placed
underground in lead pipes between Paddington and Drayton;
this line became defective, and in 1841 was replaced by posts
and overhead wires. The existing lines created by Mr. Cooke
from this period were in 1846, on the incorporation of the
Electric Telegraph Company, led by wires in iron pipes to the
first office in London, 345, Strand. In the following year the
system was extended under the streets to the new central station at
Founders' Court, Lothbury, which office was opened on the 1st of
January, 1848 ; the total system of the Company at that time
reached 1,500 miles of telegraph wire erected and in progress—a
mileage less than one-half the present system under the streets of
London alone.

The system adopted at that time appears to have been the right
one, and thoroughly suited to the many requirements of telegraphy
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under streets, for up to the present time but few variations have
been made.

The wires were formed into cables and drawn through iron pipes
which had been carefully laid; the wires were of No. 4 gauge, a
solid No. 16 copper wire of the weight of 621bs. covered with 86
lbs. gutta-percha. These cables were connected to what were
termed " testing-posts;" these were hollow posts (with a door)
placed above the pipes, and standing up like a street post—doubt-
less many present remember them well; into them the wires were
led. The wires were connected in these boxes by a mechanical
joint, which it was easy to open and disconnect for testing.

The changes which have taken place are the introduction of a
smaller-sized wire, the abandonment of the gutta-percha mechanical
joint, and the substitution of flush-boxes for the old " testing-
posts."

One extraordinary form of accident developed itself with the
"post;" gas escaping from the pipes found its way through the
telegraph pipes into the "post." The ignition of a match against
the side of the " post" by a passing smoker was frequently the
cause of an explosion and the bursting the door of the u post,"
and as a rule many interruptions of communication.

The street-work of London consists of about 3,500 miles of
No. 7 gauge gutta-percha-covered wire (copper wire, No. 18 gauge
= 39 lbs. per statute mile, gutta-percha to No. 7 gauge = 46 lbs.
per statute mile, diameter *171), wrapped with tape and tarred.

The wires are drawn into cast-iron pipes of 3 in. and in some
cases 4 in., diameter.

This system connects the central office, St. Martin's-le-Grancl,
with the several provincial railways and the main road lines of
telegraphs; it also serves a large number of the metropolitan tele-
graph offices.

The total length of pipes is 110 miles. There are five main
trunk lines radiating from the central station, as follows :—

First, via Newgate Street, Holborn Viaduct, Oxford Street,
Western District Post Office, Bayswater Road, Notting Hill,
Uxbridge Road, Turnham Green, Brentford and Hounslow, where
they meet the overground wires in the Bristol Road.
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In this route, from the vaults at the New General Post Office
under the footpaths in Newgate Street to the corner of Giltspur ,
Street, there are one 3-inch and two 4-inch cast-iron pipes, con-
taining in all 240 wires; of these thirty are carried into the
Hatton Garden Post Office, where they are connected to the over-
house system.

At the corner of Gray's Inn Road, Holborn, there is a branch
line of 3-inch pipes and 70 wires, serving the Great Northern
Railway, King's Cross, the North-Western District Office, Euston
Station, and passing up Eversholt Street, Camden Road, Adelaide
Road, to the north end of Primrose Hill tunnel, on to the London
and North-Western Railway.

Another branch line leaves this route at Victoria Gate, Bays-
water Road. There are 70 wires, 30 of which join the Great
Western Railway at Paddington, where they pass through a test-
box. The remaining 40, after passing through the same test-box,
are continued underground to Harrow Road Bridge, and there
connected to the overground wires, via the Grand Junction Canal.

Second route, from St. Martin's via Ivy Lane, St. Paul's Church-
yard, Ludgate Hill, Fleet Street, Strand, Whitehall, Great George
Street Westminster, Birdcage Walk, Buckingham Palace Road,
Chelsea Suspension Bridge, Wandsworth Road, and Clapham
Common, joining the overground system.

On this route there are many deviations ; the first occurs at the
corner of Wellington Street, Strand, where forty wires leave for
the South Western Railway, Waterloo Station, by Waterloo
Bridge; the next at Trafalgar Square, for the War Office, Picca-
dilly Circus, and the St. James's Street offices; and after passing
down the Mall in St. James's Park it strikes off up Constitution
Hill to Hyde Park Corner, thence to Knightsbridge, South Ken-
sington, and Young Street, Kensington, Post Offices. From
St. Martin's to Wellington Street, Strand, there are two cast-iron
pipes, one of 4-inch and the other of 3-inch diameter, with 180
wires; beyond this point to the West' Strand Office there are two
3-inch pipes; only one of which is continued on.

The third route passes by Cheapside, King William Street, over
London Bridge to the South-Eastern and South Coast Railways,
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continuing down the Borough to the South-Eastern District Post
Office, through which the wires pass, and thence down Great Dover
Road to New Cross, joining the overground wires running to
Beachy Head at the point where the Brighton Railway crosses the
road, and also the South-Eastern Railway at that Company's
Station, New Cross.

At the corner of Princes Street, opposite the Mansion House,
there is a junction, from which the wires pass through Cornhill,
Leadenhall Street, Aldgate, to the Eastern District Post Office, and
thence to the West India Docks.

From the corner of Commercial Road the system proceeds to
Grove Road, and is connected with the Ipswich overground wires
via Duckett's Canal. This route is now being extended to Mary-
land Point, Stratford.

Down Cheapside, as far as Princes Street, there is a 4-inch
cast-iron pipe with 90 wires, as well as five 7-wire cables, making
altogether 125 wires; beyond this point the pipes are of 3-inch
diameter; 72 wires pass down King William Street and 70 along
Cornhill.

The foui'th route is via Gresham Street to the corner of Moorgate
Street, Finsbury Square, City Road, Old Street, Kingsland Road,
Stamford Hill, Bayley's Lane, on to the River Lea, where the wires
are connected to the Cambridge Road line.

A branch line of pipes from the junction-box at the corner of
Moorgate Street supplies the offices of the Anglo-American, Direct
United States, and the Submarine Companies, and also the Stock
Exchange.

At Telegraph Street, 26 wires join the overhouse system; at
London Wall, 8 wires lead to Broad Street Station; at Providence
Row, 50 wires pass down Worship Street round to the Great
Eastern Railway Station, Bishopsgate Street, where they are con-
nected to the Great Eastern and Continental system.

Between St. Martin's and Finsbury Square there are two 3 inch
pipes and 130 wires, beyond this point one 3-inch pipe.

The fifth route leaves St. Martin's at the north end of the
building in Angel Street, and thus by Aldersgate Street, Goswell
Road, High Street Islington, passing through a test-box .at the
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Northern District Post Office, at the corner of Packington Street;
thence by Cross Street, Upper Street Islington, Holloway Road,
up Highgate Hill, meeting the overground wires at East End
Finchley, Birmingham Road line. This route comprises a 3-inch
pipe and 60 wires as far as the Northern District Office, 25 wires
to the Railway Bridge, Holloway Road, and 20 beyond.

In addition to these main routes there are several short connec-
tions, such as, from the Submarine Office Threadneedle Street,, to
London Bridge, via Birchin Lane, Victoria Station to Marble
Arch, &c.

If the whole system, as now comprehended, was to be done ab
initiOj it is probable that a more advantageous series of main trunk
lines would be adopted, making it a more complete and compre-
hensive whole, but it must not be lost sight of that the system has
grown from a small beginning, with frequent and important addi-
tions, necessarily following one another in the best way possible.

At the new General Post Office the whole of the 750 wires are
carried up the interior of the building and terminate on a test-box,
where each wire is numbered. Provision has been made on this
box for 500 wires from the west, and a corresponding number from
the east, a total of 1,000 in all.

NEW WORK.

A 4-inch pipe will hold 120 wires of No. 7 gauge prepared, and
a 3-inch pipe 72 wires, but it is not well, unless compelled by cir-
cumstances, to draw in these numbers.

The pipes are 9 feet long, and previous to being laid are well
cleaned inside by having a heavy chain or mandril draAvn to1 and
fro to rub off any superfluous substance left in casting.

The socket joints are packed with tarred yarn, and lead run in,
as in the case of gas- or water-pipe joints. Great care is necessary
to prevent the lead entering the pipe, and so damaging the wires
when drawn in.

In marking out the route the footpath is generally chosen; the
pipes are laid, under the pavement, it being much more accessible
than the roadway, especially since the asphalte has been introduced.
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Flush-boxes 2 feet 6 inches long, 11 inches wide, and one foot
deep, are fixed in some cases 50 yards apart, and in others 100
yards, according to the number of wires required and the nature
of the streets.

A No. 8 galvanised iron wire is threaded through the pipes from box
to box as the pipes are laid, by which the cables arehauled through.

All the cables are sent out from the Postal Stores in lengths of
400 yards. On arrival at the place where it is to be used each
cable is coiled in a loop, a short distance from the centre flush-box
of the 400 yards length; the ends of the wires are trimmed for about
six inches ; the cable is then divided into two, and each portion being
twisted, they are then passed through the loop in the iron leading-
in wire in contrary directions, bent back, and secured; a piece of
canvas is then wrapped round and fastened with string.

An iron frame with two wooden rollers fitted is then fixed in the
flush-box. The cable is made to pass over one roller and under
the other. The latter is so arranged that the cable enters the pipe
with a clear lead, and without being chafed against its edges.

All being now ready for the drawing-in, two men stand within
the coil and cut the ties, delivering the cable to a third who is over
the flush-box, and whose duty it is to see that the cable enters the
pipe evenly. The foreman should be standing near so as to watch
the cable entering the pipe, and to signal to the men at the next
box when to commence or cease pulling.

When the first fifty yards of the cable have entered the pipe,
(and this is known by the end appearing at the next box) a piece of
tape is tied round the cable; when this has passed through the
pipe a second piece is tied on, and so on till the two hundred
yards have been drawn through.

As the cable comes out of the pipe it is coiled on the opposite
end to that from which it has been drawn, the cable is then turned
over by being coiled on the contrary end of the box, ready again
to enter the pipe. This operation is repeated till the whole two
hundred yards have been laid.

A corresponding operation has to be performed with the re-
maining two hundred yards of the cable, but, of course, in the
opposite direction.
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As soon as a few sections of the cable have been laid, the
jointers follow, starting from the central station, St. Martin's-le-
Grand, jointing the wires in the vaults under the pavement at the
corner of Bath Street, Newgate Street, to the house-wires, leading
from the test-box in the instrument room, and which pass through
a rack numbered so as to correspond with the terminals on the
test-box. Having completed the joints at that spot, one man pro-
ceeds to the next joint-box, 400 yards distant, and the other to
the test-box ; they then commence numbering the wires by putting
a current on the lowest number through a galvanometer, and,
when this is found by the man at the flush-box, three signals are
passed twice each way; the wire is then fitted with a small piece
of composite tube, on which a number has been stamped corres-
ponding with the test-box number; every wire is numbered in this
Avay at the 400 yards boxes, so that at any joint-box the number
of any wire is at once known.

The men engaged at this work in London have had great ex-
perience, and, although the whole of their joints will not perhaps,
to use their own phrase, "Stand the shadow test" (Thompson's
reflecting galvanometer), they are generally good. The greatest
enemy they have to contend with is dirt, and, although full instruc-
tions are issued and every care is taken, it is difficult to carry them
out thoroughly in the streets of London.

The method of jointing gutta-percha wire was so fully described
by Mr. G. E. Preece, in his paper on " Underground Telegraphs,"
read in November, 1873, that I will not occupy your time by
repeating it. In the same paper a description was given of the
manner in which the joints were tested, and the good results gained
thereby. I believe the wires referred to by him still test well, and
show that where it can be done it is proper that great care should
be taken in testing each joint; but I fear the same system cannot
be applied to the street-work of London, where we have some-
thing over 17,000 joints^

There have been several methods proposed for improving the
joints in the streets, but as yet they have met with little favour from
those engaged at the work ; probably prejudice has had something
to do in the matter. It has been the custom to make a twist-joint,
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and now it has been suggested to insert the ends, after being cleaned,
into a piece of slit copper tube, tinned on the inside, of about three-
quarters of an inch in length, after which it is soldered. This
makes a good joint, and I believe will prove beneficial, as it does
away with the sharp points that must be left when a twist is made.

A plan for insulating joints is on trial at several places. The two
Avires are passed through the wooden bottom of a short tin tube, the
twist is made and soldered, and then the wires are pulled back into
the tube, and the latter is filled Avith melted paraffin Avax. This plan
Avas explained at a recent Meeting, and on a future occasion it is
to be hoped that the results of these experiments will be made
known. Such a system of mechanical jointing, of course, could
not be used where it would be necessary to draw the joints through
a pipe.

MAINTENANCE.

Within the past five years nearly the whole of the underground
system in London has been relaid, the number of wires having
been found insufficient to meet the increased metropolitan traffic, as
Avell as the additional Avires rendered necessary on the railways
and road lines for the rapidly developing provincial business.

This Avork has been effected Avith comparatiA^ely little or no
interruption of the working circuits, certainly with far less than is
experienced from renewals on .railways or road lines.

The manner in which this Avork has been performed may not be
uninteresting.

Take, for example, increasing the number of Avires betAveen St.
Paul's Alley and Wellington Street, Strand, from 50 to 110 in the
4-inch pipe (provision having previously been made betAveen St.
Martin's and St. Paul's Alley for the increased number). The
cable of 110 wires, 400 yards long, Avas coiled on the pavement
at the flush-box half-Avay between St. Paul's Alley and Ludgate
Hill Bridge, the tAvo ends of the cable being brought into the box.

From a battery of six cells a current Avas passed through a
galvanometer into one of the neAv Avires, and the other • end of the
wire found by completing the circuit Avith the other pole of the
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battery. Having found the wire and prepared the ends for joint-
ing, one of the old working wires was trimmed and the copper
cleaned for about three inches; one man taking one end of the new
wire, and his assistant the other, both ends were put in connection
with the working wire before it was cut, after which two bell-
hanger's joints were made, thus putting the working wire through
its new wire in the cable; this operation was repeated with all the
working wires, and each joint temporarily covered with thin sheet
percha.

The remaining sixty wires were then trimmed, and made fast
round the working wires in advance of the joints, and a piece of
canvas wrapped round to prevent abrasion.

To draw out the old cable, and the new one in, a rope was made
fast round the cable at the next flush-box, and, as the cable was
hauled through, it was coiled, as in drawing in a new cable ; in
fact, the same work had to be done as in new work.

When the whole of the new cable had been drawn in, there was
a loop of two hundred yards at St. Paul's Alley, and also at
Ludgate Hill Bridge, to cut out which the small battery was again
used.

A wire was trimmed just below the temporary joint, and one
pole of the battery connected to it through a galvanometer. A
notch was cut in the percha of each wire at the opposite end of
the loop so as to make the copper visible for about one-eighth of
an inch, preventing the wires making contact, at the same time
enabling the man to touch each wire and complete the circuit
through the loop.

The battery being small and the deflection noted, there was
very little danger of cutting the wrong wire. The wire having
been trimmed and another temporary joint made, a current was
again passed through the loop previous to its being put aside; in
this manner the whole of the wires were cut out.

In some instances the new cable is looped in at a 400 yards
box; this obviates cutting the old cable at every 200 yards, as
was done in the work I have mentioned ; but there is this disad-
vantage, the first portion of the new cable must be drawn through
the entire 400 yards of pipe, an operation liable to injure it.
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The underground wires are tested periodically from the central
station by means of a Wheatstone bridge and a Thompson gal-
vanometer ; to prevent stopping the circuit two spare wires (where
available) are used between St. Martin's and the point to which
the tests are to be taken, one joined to an instrument for a speak-
ing circuit, and the second for substituting the working wire
during the time it is being tested. The average insulation is about
twelve megohms per mile.

From these tests it is readily seen when a wire is getting low in
insulation, and it frequently happens that the cause is detected and
remedied before it is sufficiently bad to interfere with the working.

By means of a loop test, the position of a fault is traced, and it is
seldom that the tests are wrong, generally within a 400 yards length.

Having the resistance between St. Martin's and the several
junction boxes recorded, the position is known as soon as the test
is taken, and men are sent off to find the cause.

In the event of two faults coming on a wire at the same time,
the resistance of the loop would show that such was the case, as it
would offer less resistance than that recorded.

The number of faults reported as interruptions of circuit are
very few indeed.

Occasionally the joints have been found defective, but more fre-
quently the defect has proved to be within the pipe, and such faults
must arise from one of the three following causes : Friction against
the pipe when pulled in; a bad joint in cable made before sent
out from the stores; lightning.

The last-named I believe to be one of the chief sources of faults.
A short time ago, previous to lightning protectors being fixed
on two duplex circuits at the Stock Exchange, faults were reported,
and when discovered there was every reason to believe they had
been brought about by lightning. In one case the wire was badly
centred, probably owing to the jointer allowing it to pass out of his
hands before it was cool. The second case appears to have been
at the end of the twist, one end of the copper wire probably being
left sticking up, having a sharp point. If this view be correct, it
would be well to have some kind of test-box at the end of each
underground route, where lightning protectors could be fitted.

VOL. IV. 2 E
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A few years back one of the chief causes of interruptions was
from a bad practice of cutting or pricking wires. When a wire
was wanted at a box where numbers had not been attached, a
current was sent through it, and each wire cut with a knife, having
a wire fastened to it joined to earth through a galvanometer. As
soon as the blade touched the conductor of the right wire the
needle was deflected. Another mode of doing this was by using
a small bradawl, to which the wire from the galvanometer was
joined; the percha was pierced till the copper was touched.
Experience showed that both these practices were highly dan-
gerous, many cases having been discovered where the incisions had
not been made permanently good. This was improved upon by
having a small piece of percha cut out, so as to insure the wire
being made good. I am glad to say we now find it wholly unneces-
sary to continue these bad habits.

During the latter portion of the time we were in the old building
at Telegraph Street it frequently happened that a wire was wanted
out of a mass where there was nothing to identify it by; rather
than prick them, I endeavoured to find the wire by using a wire-
finder (such as mentioned by Mr. Culley in his " Handbook of
Practical Telegraphy"), but found it a very difficult task, owing to
the currents in the working wires affecting the needle. Eventually
it struck me, that, if I used a quantity-current and the horizontal
galvanometer generally used for the Wheatstone Bridge, I should
succeed. It proved to be correct—the quantity-current only
moving the needle. Since that time, when occasion has required,
it has been used in the streets, and answers admirably. The
reason is obvious. The highest resistance of any of our street
wires is about 300 ohms, whereas that of any working circuit is
much greater. The result is, there is not sufficient quantity pass-
ing through the latter to move the needle.

In conclusion, I venture to hope that we may see the under-
ground system extended far beyond the outskirts of London,
believing as I do that, if the same care and attention were given to
it as is the case with our submarine cables, it would prove to be a
great success.




